Original scientific paper Multi objective optimization is an important issue in complex industrial problems. In this experimental study, optimum machining parameters are determined in turning operation of EN25 steel with coated carbide tools using combined Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) and Analytic Hierarchy Process (AHP) method. This technique is a multi-objective optimization method which has been adopted to simultaneously minimize micro hardness, surface roughness and maximize material removal rate (MRR). The result indicates the effectiveness of this approach. This method is applicable to all machining operations with greater number of objectives simultaneously.
Introduction
Generally the machining parameters are chosen based on the knowledge, operators experience and also referring to standard handbooks. The selected machining parameters may not be the optimal solution which leads to higher cost of the product [1] . High machining performance is obtained by the selection of optimum machining parameters [2] . Optimization techniques help as to select the optimum combination of machining parameters [3] .
In the area of manufacturing new materials are developed to meet industrial requirements, but it is not possible to utilize them directly. Hence experimental study is required [4] . EN25 steel gives better mechanical property and atmospheric corrosion resistance than conventional carbon steel [5] . Microstructure and hardness of the EN25 steel was analyzed to estimate the effect of process parameters in laser hardening process [6] . EN25 steel is nickel chromium molybdenum high strength low alloy medium carbon steel which is used in various industries like automobile and aircraft industries [7] .
Machining induced surface integrity can be characterized by various factors in which surface roughness and micro hardness are important factors [8] .
The degree of work hardening can be calculated by surface micro hardness [9] . Micro hardness is one of the significant parameters in the surface integrity study [10] . The evaluation of surface integrity is achieved by surface roughness and micro hardness measurements [11] . Surface roughness of the machined components influences the fatigue strength, wear resistance and corrosion resistance [12] . For increased productivity of machined component MRR plays a vital role. Hence selection of optimum combination of machining parameter is highly desirable in turning operation [13] .
Multi criteria decision making (MCDM) method is the multi objective optimization technique that has been used to evaluate the alternatives. The objectives with the highest relative closeness to the positive solution are suggested for optimal combination of input parameters. TOPSIS is a multi-criteria decision making method developed by Yoon and Wang, which involves determination of the shortest distance to the positive solution and greatest distance from the negative solution. The Electric Discharge Machining parameters were optimized by TOPSIS Method. TOPSIS has been broadly accepted by the manufacturing domain for multi criteria selection [14] . In composite product development, optimal sub system selection was evaluated with the help of TOPSIS method [15] . Optimal input parameters were determined by using combined TOPSIS and AHP method in the machining of Inconel 718 [16] . The machinabilty has been evaluated in turning operation of titanium using combined TOPSIS and AHP method [17] . Best lubricant is selected among a given number of lubricants using combined TOPSIS and AHP method in turning of EN31steel [18] . An overall performance was obtained for its operational activities in the success of a manufacturing company using TOPSIS and AHP method [19] . Even though TOPSIS is more reliable while dealing with the tangiable attributes and in the assessment of number of alternatives, it needs an appropriate procedure to determine the weight criteria of each objective. AHP method has been used to assign the weight of each criterion. AHP provides an effective structured technique based on mathematical concept [20] . In this work AHP is applied to find the weight of each criterion. Hence advantages of TOPSIS and AHP methods are combined to find the turning performance.
The aim of this study is to find the optimal combination of machining parameters in turning of EN25 steel with Physical Vapour Deposition (PVD) and Chemical Vapour Deposition (CVD) coated carbide tools using combined TOPSIS and AHP method for simultaneous minimization of micro hardness, surface roughness and maximization of metal removal rate.
Experimental setup
The work piece used in this study is EN25 steel and the chemical composition of this material is shown in Tab. 1. This material possesses higher mechanical strength and corrosion resistance than carbon steel hence it is widely used in heavy duty drive shaft and gear shaft.The CNMG120404 coated carbide inserts are used as the cutting tool materials. The turning operations are conducted on CNC turning center using coated carbide insert for the machining of BS-970-1955-EN 25 steel (DIN standard of 32NiCrMo10-4). In the measurement of micro hardness of the machined surface Vickers micro hardness tester is used. Machined samples are cut and then mounted using abrasive cutter and hot mounting machine. The mounted specimen is subjected to a sequence of polishing using 180 to 1000 SiC grit metallurgical papers. The sequence of polishing consists of using 180, 240, 320, 400, 600, 800 and 1000 grit SiC papers. Further the hand polished specimens are polished on cloth polishing machine with the help of fine alumina powder to achieve mirror like surface. Micro hardness is calculated at three locations and average value is considered for further analysis.
The measurement of roughness on the machined surface is an important criterion in industrial applications. It is defined as the arithmetic average of the absolute value of the heights of roughness irregularities from the mean value measured within a sampling length. Mitutoyo surftest SJ 301 roughness tester is used to find the arithmetic surface roughness for each sample.
Productivity of any machining operation mainly depends on its rate of material removal. The rate of material removal for a turning operation is given by the product of cutting speed, feed rate, and depth of cut. MRR in turning operation is defined as the volume of the material that is removed per unit time in cm 3 
where MRR is the volume of material removal rate (cm 3 /min), v is the cutting speed (m/min), f is the feed rate (mm/rev), and a is the depth of cut (mm).
Methodology
The Multi criteria decision making methods (MCDM) are widely accepted in manufacturing domain for the selection of optimal solution from a finite number of alternatives. MCDM techniques are powerful and an effective tool particularly in the last decade. TOPSIS is one of the MCDM methods for solving multiple criteria. The concept of this method is choosing the best alternatives having shortest distance from the positive solution and the farthest from the negative solution. These hypothetical solutions correspond to the maximum and minimum attribute values in the database that comprise satisfy solutions. The closest hypothetical best and farthest hypothetical worst is used to obtain the best solutions [21] .The tangible attributes and the number of alternatives are efficiently analyzed by TOPSIS, but it is required to find the weight criteria of each objective [17] . AHP method is used to determine the weight criteria of various attributes in accordance with the objectives. AHP was introduced by Thomas L. Satty in 1980. In AHP method the pertinent data for weight criteria of each objective are obtained by using a set of pair wise comparisons [22, 23] . Hence, the advantages of both methods are taken and presented as a combined TOPSIS and AHP method.
The following procedures are used to select the best alternatives in combined TOPSIS and AHP method [17] .
Step 1: The objective and the important evaluation attributes are determined. For this particular problem MRR is considered as a beneficial attribute and (i.e.) maximization, while micro hardness and surface roughness are considered as non beneficial attributes (i.e.) minimization.
Step 2: All the information available is represented in the form of a decision matrix.
. 
Eq. (2) shows the decision matrix D 18×3 .
Step 3: The normalized matrix N ij is determined by using the following formula
The normalized decision matrix, N 18×3, is calculated using Eq. (3) 
Eq. (4) shows the Normalized decision matrix N 18×3.
Step 4: The weighted normalized decision matrix is constructed by multiplying the normalized decision matrix by its associated weights.
where N ij is the normalized matrix and W j is the weight criteria.
The weight (W j ) of each criteria is calculated by AHP method and the detailed procedure is given below [17] . 1) Determine the relative importance of different attributes with respect to the objective. To do so one must construct a pair-wise comparison matrix. Assuming N attributes, the pair-wise comparison of attribute i with attribute j yields a square matrix A N×N, where a ij denotes the comparative importance of attribute i with respect to attribute j. In the matrix, a ij = 1 when i = j and a ij = 1/a ij . This can be described as follows: Usually, a CR of 0,1 or less is considered to be acceptable, and it reflects an informed judgment which could be attributed to the analyst's knowledge of the problem.
The relative importance matrix has been derived based on the process planner and machining process requirements given in Eq. (6) . The objectives are surface roughness, micro hardness and MRR. In these, attributes micro hardness and surface roughness are non-beneficial (minimum values) and other MRR is beneficial (maximum values). The normalized weights of each attribute is; W microhardness = 0, 46; W surface roughness =0,221 and W MRR = 0,319. The value of λ max is 3,1356 and Consistency Ratio (CR) = 0,0678, which is much less than the allowed CR value of 0,1.Thus, there is good consistency in the judgment of relative importance matrix.
The weighted normalized value W 18×3 is calculated using (5) 
Step 7:The relative closeness is calculated to the ideal solution.
. * * * * *
The larger the C i * value the better is the performance of the alternatives.
The separation measure of positive, negative ideal solution and relative closeness value are mentioned in Tab. 4.
Step 8: Rank the relative closeness value. 
Results and discussion
The objective of the present work is to optimize the machining parameters in turning operation using combined TOPSIS and AHP method for optimizing the multi-objectives. The most important measure in the combined TOPSIS and AHP method for analyzing experimental data is relative closeness. In this study, the relative closeness should have a maximum value to obtain optimum cutting conditions, according to the TOPSIS method. Two categories of performance characteristics, i.e., minimization and maximization are selected in this study. To obtain optimal machining performance, the minimization characteristic for micro hardness, surface roughness and maximization characteristics for MRR have been taken. The results obtained from the experimental runs are shown in Tab. 3. Tab. 4 shows data of relative closeness for micro hardness, surface roughness and MRR.
The relative closeness is used to determine the optimum combination of machining parameters for minimizing micro hardness, surface roughness and maximizing MRR. The maximum relative closeness indicates the minimum values of micro hardness, surface roughness and maximum values of MRR and their values are cutting speed of 179 m/min, feed rate of 0,26 mm/rev and depth of cut of 1,8 mm with CVD coated carbide tool. This method is simple with less computational steps when compared to other methods such as Artificial Neural Network, Genetic Algorithm and grey relational analysis.
Conclusions
In the present study combined TOPSIS and AHP method, a multi objective optimization method, have been adopted to find the optimum combination of machining parameters such as cutting speed, feed rate and depth of cut for simultaneous minimization of micro hardness, surface roughness and maximization of MRR while turning EN25 steel with coated carbide tools.
• Analytic Hierarchy Process is successfully employed to find the weight factors involved for all responses.
• The combined TOPSIS and AHP method is used to select the best combination of machining parameters in turning operation. The alternatives are sorted in a ranking wise set with their relative closeness as 13-10-4-16-7-1-11-2-8-15-18-9-17-5-12-6-14-3.
• From the relative closeness values, it is evident that the machining parameter assigned as alternative 6 is the first choice, alternative 8 is the second choice and 11 is the last choice for the given application under given set of conditions. • The optimal combination of turning process parameter for simultaneous minimization of micro hardness, surface roughness and maximization of MRR are cutting speed 179 m/min, feed rate 0,26 mm/rev and depth of cut 1,8 mm with CVD coated carbide tool.
• The combined TOPSIS and AHP method consider weight criteria of each objective for a better and accurate evaluation of the alternatives.
• This method has the advantage of utilizing simple computational steps for simultaneous optimization of multiple objectives.
